In this study, the superoxide dismutase (SOD)-like activity and the ROS (superoxide anion, hydroxyl radical, singlet oxygen, t-butylperoxyl radical) scavenging activities were evaluated for the extracts from 2 varieties (black and red rices) of ancient rice brans (8 types) by the nitro-blue tetrazolium (NBT) and ESRspin trapping methods. All the extracts from ancient rice brans (black and red rice) had SOD-like activity, which was stronger than those from present-day rice brans (Koshihikari, Akitakomachi, Haenuki). It was proven by NBT method that the activities of ancient rice brans were significantly stronger than those of Lascorbic acid, however, L-ascorbic acid exhibited higher scavenging activity as evaluated by ESR spin-trap method. The ancient rice brans have remarkably strong ROS scavenging activities compared with those of the present-day rice brans (Koshihikari, etc.). The ROS scavenging activities and SOD-like activities of the extracts varied depending on the rice species and the planting region. In addition, the extracts from ancient rice brans inhibited the Maillard reaction, which is known to be involved in physiological aging processes. Thus, the present results suggest the utility of the extracts from ancient rice brans as antioxidative materials.
Introduction
Deterioration of the environment such as the increases exposure to ultraviolet (UV) Iights due to enlarged holes in the ozone layer, and expansion of the aging society resulting from both nutritional improvement and development of medical technologies are increasing day by day (Holzer, 1984 and Sinclair, 1999) . However, people have a strong desire to live longer without loss of quality of life (QOL) and to retain their health and beauty. There is a need to be free from such diseases as cancers and lifestyle-related disorders (diabetes in particular), as well as skin wrinkling, pigmentation and cataracts induced by UV Iights. The most important chemical processes in terms of the development of cosmetics, health food supplements and therapeutic drugs are preventing the progress of aging in our body and skin. Reactive oxygen species (ROS) involving superoxide anion radical ('O~), hydroxyl radical ('OH), singlet oxygen (102) and peroxide (ROOH) species are considered to be causative factors in the aging process. Thus, the findings of effective antioxidative materials become an essential and important task to suppress the aging progress. For this purpose, antioxidative ingredients from natural sources with a high degree of safety and effectiveness are needed (Miyachi, 1 993) . The present study has focused on rice brans obtained from the epidermis of rice.
Rice bran is known to contain natural components that possess antioxidative activity such as fat-soluble ferulic acid and Y-oryzanol, as well as water-soluble phytic acid (Minami and Morita, 1982) . E-mail: kaneda-i @ real-co.com Since the Yayoi era in Japan (BC. 300 -), many kinds of rice such as Koshihikari and others of a high standard have been bred to produce a good taste. On the other hand, however, it has been reported that rice causes allergy in an increasing number of people (Matsuda et al, 1991) . It is assumed that present-day rice has been bred for good taste and high yield in various ways, which in turn altered the chemical composition and ratio from those in the original rice, thereby forming allergens (Ishitani, and Otsubo, 1995) . In this research, we have focused on rices that retain the original forms of rice, including colored rice such as red rice, which has been used for centuries in Chinese medicine, Shinto ceremonies and cooking of the Asuka region in Japan (Anonymous, 1963) .
Colored rices have been traditionally handed down with little breeding of the ancient or original rice species (Yoko, 1988) . Ancient rices have a strong tendency to shed grain and the stalks of the rice plant grow higher than I .5 meters, therefore, their product yields are generally low (Arashi, 1 974). They have very strong vitality, however, as indicated by the report that grains of an ancient rice found in the Toro ruins in Japan were planted and grew well in wastelands without fertilizer or a citation. They are presumed to be characterized by resistance to environmental changes such as prolonged drought, cold weather and so on. Colored rices (hereafter termed ancient rices) have thus inherited these properties for many years under such conditions. Rice seeds are m a "dormant phase " and require the induction of chemical components necessary for germination in the hard hull, which protects them from oxidative stress and keeps them in stable conditions that prevent change in quality. The strong vitality of ancient rices has been inferred to be due either to a stronger antioxidative activity than that of present-day rice or to certain unknown functions that are not found in present-day rice.
A comparative study of antioxidative activity and the polyphenol contents of colored kernel rice have been reported (Itani et al., 2002) . Because ancient rices were found to have a stronger germination activity than those of present-day rices, bran components extracted from the epidermis of the former (8 samples) and the latter (3 samples) were examined for their ROS scavenging activities. The results revealed that the antioxidative activity was much stronger in the bran components of ancient rices than in those of present-day rices. In addition, the extracts from ancient rice brans have been found to possess antioxidative activities. In this paper, we report the detailed characterization of ROS scavenging activities in the bran of several ancient rices, as well as a comparison of the activities with those of present-day rices.
Materials and Methods
Rices Two species of ancient rices (black and red rice; Oryza sativa L.) were harvested in 2001 . The former had three varieties, which were harvested at Hiraka in Akita (variety-1), Nakashinkawa in Akita (variety-2) and Toyama (variety-3) prefectures, whereas the latter had five varieties, which were harvested in Nara (variety-1), Shiga (variety-2), Toyama (variety-3), Shizuoka (variety-4) and Kyoto (variety-5) prefectures.
As present-day rices, Koshihikari was harvested in Niigata, Akitakomachi in Akita and Haenuki in Yamagata prefectures. These were all harvested in 2001.
Chemical compounds HPLC-grade acetonitrile, 99.5% ethanol, hematoporphyrin dihydrochloride (HP), hydrogen peroxide (H202), hydrochloric acid, iron (II) sulfate heptahydrate (FeS04 • 7H20), xanthine oxidase (XOD), xanthine, nitroblue tetrazolium (NBT), copper(II) chloride dehydrate (CuC12), trichloroacetic acid, L (+)-ascorbic acid (AsA) and aminoguanidine sulfate (AG) were purchased from Wako Pure Chemicals (Osaka, Japan). Diethylenetriamine-N, N', N", N"', N""-pentaacetic acid (DTPA) and ethylenediamine tetracetic acid, disodium salt (EDTA) were obtained from Dojindo (Kumamoto, Japan). Preparation of rice bran extracts Rice bran materials for all varieties were obtained by milling the hulled rices. The extracts from rice brans used to evaluate the antioxidative activities were prepared by extraction with 375 50% ethanol as follows: To 100 g of each rice bran, 1 Iiter of 50% ethanol was added. The solution was refluxed (80'C, 3 hr), cooled, Ieft to stand at 10'C for 7 days for immersion, and then filtered with a quantitative filter paper (N0.5B, 4 um, Advantec Co., Tokyo). The filtrate was concentrated by rotary evaporation under reduced pressure at 40'C and freeze-dried. This run was carried out in triplicate.
Measurement of superoxide dismutase (SOD)-like activity A UV-visible absorption recording spectrophotometer UV-260 (Shimadzu Co., Kyoto) for aqueous solution was used. SOD-1ike activities of the extracts from rice brans were evaluated by the NBT method (Toda et al., 1991 , Matsuda et al., 1995 , and Imai et al., 1994 .
The IC50 value (half-maximal inhibitory concentration against the generated superoxide anion radical) was used to determine the SOD-1ike activity of each extract from the rice bran as follows. A sample solution of 0.1 ml was added to a test tube containing 2.4 ml of 0.05 M Na2C03 buffer solution (pH 10.2), O. I ml of 3 mM xanthine solution, 0.1 ml of 3 mM EDTA solution, 0.1 ml of BSA solution, and 0.1 ml of 0.75 mM NBT solution and left to stand for 10 min. XOD solution (0.1 ml of 0.6 units) was quickly added to the test tube, which was then incubated at 25'C for 20 min. After stopping the reaction by adding 0.1 ml of 6 mM CuC12 solution, the absorbance St Was measured at 560 nm. A control test was carried out as described above using distilled water instead of the sample solution and the absorbance Bt Was measured. Distilled water instead of XOD solution was used as the blank for the sample solution, and the absorbance So Was measured. Another blank test was carried out as described above using distilled water instead of sample solution and the absorbance Bo Was measured. The ratio of inhibition was then evaluated by the following equation:
where St is the absorbance at 560 nm after enzyme reaction of the sample solution; Bt is the absorbance at 560 nm after enzyme reaction of the blank sample solution; So is absorbance at 560 nm without enzyme addition to the sample solution; and Bo is the absorbance at 560 nm without enzyme addition to a blank sample solution.
Measurement ofROS scavenging activities For the ESR-spin trap measurements, an ESR spectrometer FR-30 (JOEL Ltd., Tokyo) and a high-sensitivity cell (Labotec Ltd.) for aqueous solution were used. The ESR-spin trap method was used to examine the ROS scavenging activities of the extracts from rice brans that were found to have SOD-1ike activities by the NBT method. Used extracts were from ancient rices (black and red) and present-day rices. ESR-signal intensities obtained after the spin trap method were expressed relative to the signal intensity of Mn(II), and scavenging activities of the extracts from rice brans towards ROS were evaluated by their IC50 value (halfmaximal inhibitory concentration of the extract against the generated ROS), according to the following equation:
Rate of mhibrtron (%) = S x 100 ~F where C is the relative intensity as a ratio of the signal intensity of Mn(II) in the control; and S is the relative intensity as a ratio of the signal intensity of Mn(II) in the sample solution.
The conditions for the ESR-spin trap method were as follows: magnetic field, 377 :!: 7.5 mT; frequency of magnetic field modulation, 100 kHz; modulation amplification width, 0.1 mT; time constant, 0.1 s; output power, 4 mW; and sweeping time, 2 min (Garry, 1987; Sakurai, 1988; and Gao et al., 2000) .
Generation ofsinglet oxygen In a 2-ml polycarbonate tube were placed 50 u1 of 0.25 mM HP to a final concentration of 62.5 uM, 20 u1 of 50% acetonitrile, 50 u1 of 200 mM TMPD to a final concentration of 50 mM, and 80 u1 of water. Immediately after addition of the last reagent, the solution was stirred with a Vortex mixer and transferred to the ESR cell, which was then fixed to the cavity of the ESR spectrometer for measurement. ESR measurements were initiated after UVA irradiation (Supercure-203S • UV Lightsource (SAN-EI Electric) for 30 sec.
Generation of superoxide anion radical In a 2-ml polycarbonate tube were placed 10 u1 of 25% DMPO to a final concentration of 1 12.5 mM, 75 u1 of water, 20 u1 of 50% ethanol, 25u1 of I mM DTPA to a final concentration of 0.125 mM, 30 u1 of 2.8 mM HPX to a final concentration of 0.42 mM, and 40 u1 of XOD (0.5 units/ml) to a final concentration of 0.1 units/ml. The reaction was started by addition of XOD, and after 30 sec it was transferred to the ESR cell for measurement, as described above (McCord and Fridovich, 1968, and Turner and Gerald, 1986) . XOD activity of the test samples was measured for 2 min by absorbance at 290 nm arising from the formation of uric acid.
Generation of hydroxyl radical In a 2-ml polycarbonate tube were placed 25 u1 of 0.1 mM FeS04 • 7H20 to a final concentration of 12.5 mM, 50 u1 of O. I mM DTPA to a final concentration of 25 uM, 10 u1 of 25(~o DMPO to a final concentration of 1 12.5 mM, 55 u1 of 0.5 M phosphate buffer (pH 7.4), 10 u1 of 50% acetonitrile, and 50 u1 of 0.1 mM of H202 to a final concentration of 25 mM. The reaction was started by addition of the last reagent and the ESR spectrum was measured after 30 sec as described above.
Generation oftert-butylperoxyl radical (t-BuOO') In a 2-ml polycarbonate tube were placed 50 u1 of I mg/ml MetHb to a final concentration of 0.25 mg/ml, 50 u1 of 0.1 mM DTPA to a final concentration of 25 uM, 10 u1 of 2.5% DMPO to a final concentration of 1 1.25 mM, 30 u1 of water, 10 u1 of 50% acetonitrile, and 50 u1 of 100 mM (t-BuOOH) to a final concentration of 25 mM. The reaction was started by addition of the last reagent and ESR spectrum was measured after 30 sec as described above (Akaike et al., 1992) .
Measurement ofMaillard reaction inhibitory activity For the Maillard reaction, an FP-750 spectrofluorometer connected with an ETC-272 Peltier thermostatted single I. KANEDA et al. cell, and an ETC-272T temperature controller (Jasco Co., Tokyo), and a multi-purpose rapid quenching centrifugation machine 6700 (Kubota CO., Tokyo) for aqueous solution were used.
To determine the suppressive effects of the extracts from ancient rice brans on the Maillard reaction, fluorescence due to a Maillard reaction product, FFI (2-(2-furoyl)-4(5)-(2-furanyl)-1-H-imidazol), was measured as follows (Ikukata and Matsuura, 1998, a, b) . To 10 u1 of a test solution dissolved in DMSO were added 50 u1 of 2 M glucose solution, 100 u1 of 0.45% BSA, 250 u1 of 100 mM Na2HS04, and 90 u1 of water. The mixture was allowed to react at 60'C for 30 hr. After cooling, 10 u1 of 100 mM CCl3COOH solution was added to 100 u1 of the sample solution, which was then stirred and centrifuged. The precipitate was dissolved in 400 u1 of 100 mM phosphate buffer (pH 8.0). Fluorescence was measured at the excitation wavelength of 360 nm and the emission wavelength of 460 nm to obtain the apparent inhibition rate. DMSO was used as a positive control (for 100% reaction), and a positive control solution was used as the blank (for 100% inhibition).
Apparent inhibition rate (%) = 100 -{ [Sample-Blank/(Positive control -Blank)] x 100 }
The amount of fluorescence produced by the Maillard reaction that was absorbed by the extracts from ancient rice brans was determined as follows.
Positive control solution was added to 5 u1 of the test solution to make a total volume of 100 u1, and then 10 ul of 100 mM CC13COOH solution was added. After stirring, the solution was centrifuged to collect the precipitate, which was then dissolved in 400 u1 of the 100 mM phosphate buffer (pH 8.0). The quenching rate was calculated from the fluorescence intensities of the samples as follows:
Quenching rate (9;~o) = {[1-(Sample -Blank)]/(Positive control -Blank)} x 100
The real inhibition rate was calculated using the apparent inhibitory rate and the quenching rate as follows. and standard (0.02 mg/ml) in 50% ethanol solution were measured, and the absorption maximum was estimated.
Statistical analysis The mean values and the standard deviations (SDs) between each variety of rice were calculated for the results including SOD-like activities and ROS scavenging activities. The results are expressed hereinafter as the means i SDs. The statistical significance was evaluated using Student's t-test. P value < 0.05 was considered to be statistically significant.
Results
SOD-like activity The SOD-1ike activity in terms of IC50 Value evaluated by the NBT method is shown in Table  1 . The IC50 of the extract from red rice grown in Nara (variety-1) showed 8.05 d: 0.33 ug/ml and that of the extract from black rice grown in Akita (variety-1) showed 6.82 :!: 0.56 ug/ml. These activities were found to be greater than that of the extract from present-day rice grown in Niigata (IC50 = 518 :!: 24.54 ug/ml). In addition, the ancient rice varieties showed significantly higher SOD-like activity than that of a well-known antioxidant, L-ascorbic acid (IC50 = 14.0 d: 0.4 ug/ml (79.5 d: 2.3 uM)) ( Table 1) .
It was also confirmed that the extracts from the two ancient rice brans exhibited different SOD-1ike activities depending on planting region, as well as different appearances. Among the present-day rice varieties, the extract from Koshihikari bran showed slightly higher SOD-1ike activity than those of the other varieties.
ROS scavenging activity As shown in Table 2 , the scavenging activities of ROS were compared between the extracts from ancient rice brans (3 types of black rice and 5 types of red rice) and those of 3 types of present-day brans.
The extracts from the ancient rice brans showed higher scavenging activities towards all ROS examined than those from the present-day rice brans. The extracts from black rice brans (variety-1) showed the IC50 = 0.90 i: O. 10 (mg/ml) towards 'OH and the IC50 = 0.09 :!: 0.01 mg/ml towards tBuOO', these scavenging activities being significantly stronger than those of the extracts from red rice brans (variety-1), which showed the IC50 = 1.73 i 0.10 mg/ml towards 'OH and the IC50 = 0.29 :!: 0.18 mg/ml towards tBuOO'. However, the extracts from red rice brans (variety-1) showed stronger scavenging activities towards '02 (IC50 = 0.01 :!: 0.001 mg/ml) than other brans. The extracts from rice brans showed lower 'O~ scavenging activities 377 than that of an established standard antioxidative compound L-ascorbic acid. p-Carotene showed the IC50 = 0.29 :!: 0.01 mg/ml (0.54 i 0.02 mM) towards 102, whereas the extracts from variety-1, variety-2, and variety-5 of the red rice brans showed the IC50 = 0.08 :!: 0.003 mg/ml, IC50 = 0.15 i 0.01 mg/ml and IC50 = O. 1 1 d: 0.01 mg/ml and those from variety-1 and variety-2 of the black rice brans showed the IC50 = 0.09 :!: 0.01 mg/ml and IC50 = 0.12 :!: 0.003 mg/ml, exhibiting significantly higher 102 quenching activity than that of p-carotene. The dl-oc-tocopherol showed the IC50 = 0.17 :t O.OI mg/ml (0.39 :!: 0.02 mM) towards t-BuOO', whereas the extracts from black rice brans (variety-1) had a significantly lower IC50 value of 0.09 :!: 0.01 mg/ml (Table 2) , also exhibiting higher t-BuOO' scavenging activity of the extracts than that of dl-oc-tocopherol.
In addition, the extracts from ancient rice brans (black and red rice) and those of present-day rice brans showed different scavenging activities towards ROS, probably due to the local difference in terms of the harvesting conditions.
Among the extracts from red rice brans, variety-1 with the highest SOD-1ike activity was found to exhibit significantly higher ROS scavenging activity towards for example 102, '02 , and 'OH than those from other varieties. In addition, it was confirmed that the 'OH scavenging activities of the extracts from present-day rice brans for 3 kinds of varieties were quite low. The SOD-like activity of Koshihikari was higher than those of others such as Akitakomachi and Haenuki. We than compared the ROS scavenging activities of the three rice bran groups. As shown in Fig. Ia -d , the extracts from black rice brans were found to show significantly higher ROS scavenging activities than red rice brans and present-day rice brans.
Inhibition of Maillard reaction The fluorescence intensity of FFI for the extracts of rice brans was measured to estimate the inhibiting ability of the Maillard reaction. Table 1. SOD-like activities of the extracts from ancient and present-day rice brans obtained from different regions. hydroxyl radical ('OH), singlet oxygen (102), and tert. butylperoxyl radical (t • BuOO').
The extracts from both red and black rice brans showed similar inhibitory ability to that of aminoguanidine ( I and 10 mM), a well-known inhibitor towards this reaction (Table 3) .
Absorbance measurement results To know the chemically active components that show the ROS scavenging and Mailard reaction inhibiting activities, electronic absorption spectra of the extracts were measured. There were no absorption maxima in the extracts of present-day rice brans while absorption maxima for the extracts of black rice brans (3 varieties) were found at around 530 nm (Fig. 2) , suggesting the occurrence of anthocyanins (Harborme, 1958) . On the other hand, absorption maxima for the extracts of red rice brans (5 varieties) were found at around 280 nm, suggesting that these brans contained no anthocyanins but other compounds such as tannin-related compounds.
Spectral data are summarized in Table 4 .
Discussion
In this study, the antioxidative activities for the extracts from several rice brans were compared between ancient rices and present-day rices (Tables I and 2 ). The extracts from ancient rice brans (black and red rice) showed higher antioxidative activities than those from present-day rice (Koshihikari). The extracts from ancient rice brans exhibited high SOD-like activity and scavenging activities against chemically generated ROS involving 'O~, 'OH, 102, and t-BuOO', the last species is a chemical model for lipid peroxide radical (LOO'). The ROS scavenging activity of the extracts varied between black and red rice brans as well as by the planting region. These differences may have originated from variations in the content of chemical components and trace metals in the brans. The 'O~ scavenging mechanism for 50% ethanol extracts of the brans was also compared between present-day rice (Koshihikari) and ancient rices (black and red rice). The inhibitory activity of XOD was closely related to the activity of the former, whereas SOD-1ike action was closely involved in the activity of the latter, suggesting that the extracts from ancient and present-day brans have different mechanisms for scavenging of 'O~-In addition, our results revealed that brans from ancient rices possessed high ROS scavenging activity and that black rice bran had a higher activity than red rice. From the results, ROS scavenging activity of the extracts from the two ancient rice brans was thought to be due to both scavenging of ROS and inhibition of XOD.
The aging cross-1ink theory (Fujimoto, 1993) has been proposed as a process for physiological aging, which is different from a photo-aging process (Ichihashi, 2002) , and is caused by external factors such as ultraviolet lights. Collagen and elastin, which provide elasticity to the skin, get their potential strength by maintaining regular crosslinks produced by enzymes, thus the processes called "maturation cross-1inks," are essential for the structure of collagen and elastin (Fujimoto, 1985) . However, crosslinks, that are disordered and not related to enzyme processes occur after human growth is completed. Thus, the function I. KANEDA et al. of collagen and elastin is impeded by an increase in the 'aging' cross-1inks and a decline in body health. Maillard reaction brings about the non-enzymatic 'aging' crosslinks (Hayase, 1993) . Table 2 shows that ancient rice brans possessed high ROS scavenging activities, and that black rice had higher activities than ancient rice varieties. The spectral data for the formation of uric acid suggested that the extracts from rice brans could contribute to inhibit XOD activity (Table 1) .
Furthermore, our results showed that extracts from ancient rice brans inhibited the Maillard reaction, a nonenzymatic protein-saccharification reaction (Table 3) . Thus, the extracts from ancient rice brans may be an effective antioxidant as an anti-aging agent both in vitro and in vivo.
The absorption maxima for the extracts from black rice brans were detected at around 530 nm and those from red rice brans at around 280 nm in all varieties (Table 4) . These results suggested that anthocyanins may be present in the extracts from black rice brans whereas the extracts from red rice brans may contain tannins (Harborme, 1958) .
It has been reported that colored and white hulled rices contained anthocyanin pigments such as chrysanthemin, keracyanin and uriginosin (Nakashima et al., 1993) , and ferulic acid (Taniguchi, 1995) , respectively, which were closely related to the ROS scavenging activities (Takahashi et al., 1989, and Brouillard and Dangles, 1994) . In this study, it was confirmed that the singlet oxygen scavenging activity of ancient rice (especially, black rice) was stronger than that of p-carotene. From the results of absorbance measurement (Fig. 2) as well as the reported data (Nawa and Otani, 199 1 ) , the existence of the polyphenol compounds cyanidin glucoside, keracyanin, and ferulic acid is presumed to be an active ingredient. In addition, colored hulled rices were found to contain polyphenols at significantly higher levels than white hulled rices, where a difference in total polyphenol contents reflected the difference in antioxidative activities, and thus polyphenols were assumed to be active ingredients which contributed to the antioxidative activities (Itani et al., 2002) . Except for the anthocyanin pigments, no other components have yet been identified, and thus further investigation is required. On the components of the extracts from ancient rice brans, the identification of active compounds is now progress and the results will be published in the future.
In conclusion, the extracts from ancient rice brans were shown to have apparent ROS scavenging activities, suggesting that they could potentially exhibit inhibitory effects against oxidation reactions in multiple steps. Rice bran is the embryo of rice grains, which Japanese people have eaten as a major staple food since ancient times, and thus it is highly beneficial for the human diet as it has been safe. The active components giving antioxidative activities are likely to be polyphenols including anthocyanin and tannin pigments.
Our results indicate that the extracts from ancient rice brans with high antioxidative activities will be excellent materials for use in cosmetics, anti-aging agents, and health food. In future, it will be important to isolate and identify other antioxidative components in the ancient rices.
